
I;-. _- -_ 
-i 

. 

r , 
; 1 

NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 

TECHNICAL NOTE 

No. 1529 

AN INVESTIGATION OF MECHANICAL PROPERTIES OF HONEYCOMB 

STRUCTURES MADE OF RESIN-IMPREGNATED PAPER 

By C. B. Norris and G. E. Ma&in 

Forest Products Laboratory 

-i!!!iv 

Washington 

May 1948 
I 

A& 

t 
I 



NATIONAL ADVISORY Cm FOR AERONAUTICS 
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ANl24VXSTIGATIONCFMEC~CALPRO~IESc[F HOKEXCCMB 

STRUCTURESMADEOFRES~IMPREGKKTED PAPER 

By C. B. Norris and G. E. Mackin 

An investigation was made to determine the mder of magnitude of 
the iurpo??tant mechanical properties of honeycomb-like structures. The 
modulus of rigidity, shesr stress at proportional limit, amd shear 
strength of resin-impregnated paper honeyconib structures compsre favorably 
with thoee of balsa wood. T&e modulus of elasticity, compressive 
stress at propmtional limit, compessive strength, aTid tensile strength 
of resi~+fmpregnated paper hcmeyconib structures arelowerthanthose of 
balsa wood but considerably higher than those of cellular cellulose 
acetate an& cellular hard rubber. 

INI'ROlXJCTION 

The de&g-! of aircraft fc&? travel at high speeds mey conveniently 
employ Btiff but light panels as the skin of the stmcture. Panels of 
this kindcenbemsde bybonding a thin sheet facing of ahigh+trength 
material, such as aluminum, or glass-fiber Mate, to each side of a 
cme of light material, such as bslea wood. Combinations of sheet 
materials of this nature are called sandwich oonstructiona. 

The functions of the ccre of a sandwich construction sre to space 
the facings so that a high stiffness of the construction is obtained 
and to suppart the facings so thatthey ere elastically stable when 
highly stressed. The lightest material that has sufficiently high 
mechanical propertiee to accomplish these purposes in any particular 
aandtich construction ie the best core material, if its other properties, 
such as durability and resistance to moisture, are satisfactory. 

The intpmtantmechanicalproperties of acurematerialare 
tensile strength, compeeaive strength, end modulus of elasticity in 
the direction perpendicular to the plane of the facings) shear strength 
in planes parallel to the facings J and modulus of rigidity measured in 
planes perpendiculsr to the facings. These properties should be ae low 
as is practical in the interest of light weight of the entire sandwich 
construction. The exact minimum values of these properties required 
for satisfactary sandwich constructions are not yet known, but it is 
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assumed that they can be expseased in terms of the material and thick- 
ne8s of the facings and the type and amount of load the construction is 
designed to carry. Balsa wood was the first successful one. 

LT1 a search for new core materials the Materiel Command of the 
Army Air Forces published a list of values that, from their experfence 
seemed desirable. Their requirement that the materials be very light 
(density, 0.05 to 0.15) practically restricts the choice to those of 
cellular composition. Various resins and rubber compounds formed into 
masses of cells by special methods have been tested. Soms of these 
materials show promise, but most of them exhibit inadequate mechanical 
propert lea. Sheet materials built into honeycomb-like structures show 
marked promise and have, therefore, aroused great interest, 

The work reported herein was undertaken to determine the arder of 
mftude of the important mechanical properties oP honeycomb-like * 
structures. Such materials were not commercially available at the time 
the work was started and, therefore, methods of making them were developed. 
Resin-impregnated papers were chosen as a convenient medium, and short . 
studies were made of the effect of the properties of the papers and the 
various resins on the mechanical properties of the honeycomb structures. 
These studies were based upon compressive strength and resulted in the 
choice of a paper+esin combination that was employed in a mars thorough 
evaluation of mechanical properties. These included strength, stress at 
proportional limit, and modulus of elasticity in compression in the direc- 
tion of each of three elastic axes and in shear associated with the axes 
of the cells and with each of the other two elastic aes, and the 
strength and stress at proportional limit in tension in the direction of 
the axis of the cells. These properties were obtained for materials of 
five different apparent 8pCif'iC @XLvitiSS. 

This wark was conducted at the Forest Products Laboratory under the 
sponsorship and with the financial assistance of the National Advisory 
Committee for Aeronautics. 

DFSCRIPTION OF MATERIALS 

Papers and Resins 

Ten different papers were employed in making the honeycomb struc- 
tures that were tested. They are given .ln table 1 with some of their 
properties. The papers are designated by letters from A to J, followed 
by a number indicating their nominal thicknesses in mils. These papers 
were corrugated, treated with resin, and assembled into honeycomb struc- 
tures, as described in the appendix. Thirteen different resins were 
employed. They are designated by letters from A to M and are given in 
table 2. The honeycomb structures made of these papers and resins are 
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designated by a letter followed by a number and another letter. The 
first letter refers to the paper employed and the nuniber indicates its 
nominal thickness in mils. The second letter indicates the resin used. 
m some of the designations two letters follov the maniber; the first of 
these indicates the resin used in treating the paper before cculrugation 
and the second, that used in assenibly of the honeycomb structure as 
described in the appendix. 

Descriptions of the various papers used and soms of their proper- 
ties, noted in the manufacture of the honeycosib structures, follow. 

Chestnut chip paper A9.- !Fhlswas a ccuumsrcial wlpaper. Itcor- 
rugated well and. the corrugations were rigid, and therefore it was easily 
fabricated into honeycomb structures without undue misalinement of 
laminations. It could be imprewted with resin but not uniformly, 
probably because it was rosin-sized during its mamrfacture. 

Mitscherlich sulfite paper a.- This was made on the Farest Products 
Laboratory paper machine (fig. 1) from pulp purchased for the purpose. 
It corrugated readily, but the corrugations were not rigid, and therefore 
alsrge amount of difficulty was experienced in fabricating honeycomb 
structures from it. The cells of the structures obtained were distorted 
and uneven. The paper impregnated well, and a relatively uniform distri- 
bution of resin uas obtained. 

-aft naner containinn alass mers C%-This was made on the Forest 
Products Iaboratary paper machine from pulp masufactured at the Laboratory. 
Glass fibers having a dieter of 4 to 5 microns and lengths of 5/8 inch 
were added to the pulp in the amount of 10 percent by weight. These 
fibers were probably shortened by the beating process. This paper had a 
marked tendency to flatten after it was corrugated, and the cells of the 
honeycomb structures made of it vere distorted in shape. Similar paper 
having a glass4iber content of 20 percent could not be satisfactorily 
corrugated. 

Daft papers I#, E6, F8, and GlO.- These were made on the Farest Prod- 
ucts Laboratory paper macnlne rrom pulp manufactured at the Laboratory. 
They cwated satisfactorily with the exception of paper a, vhich was 
not thick enough to hold its corrugations satisfactorily. Uniform 
impregnations with resin were easily attainable. 

Ehaft papers m and 14~ These were obtained from a commercial mufac- 
turer. They were lmprCegnated with resin A before they were corrugated. 
The cor~tions vere rigid because of the resin treatment, in spite of 
the thinness of the paper. Subsequent wegnation with contact resin 
was satisfactory. 

I&aft vaver J6.- This was a bulky, soft commercial paper of unknown 
origin; It corrugated satisfactorily and was readily impregnated with 
reain. 
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All the restis used were commercially available and are described 
in table 2. 

Honeycomb Structures 

The honeycomb structures were made from corrugated paper impregnated 
with resin as described in the appendix. The distances between adjacent 
nodes (b in fig. 2) of the corrugations varied from 0.25 to 0.28 inch, 
and twice the asrpll.tude (c in fig. 2) of the corrugations varied from 
0.077 to 0.093 inch. The corrugations in a sheet were laid parallel to 
those of adjacent sheets, as shown in figure 3, to form the honeycomb 
structures. Twenty different honeycomb structures of this type were faI+ 
ricated and tested. 

METHODS OF TESTS 

Compression Tests 

Specimens for compression tests were cut from the honeycomb struc- 
tures. Those fcxr the determination of properties in the direction of the 
length of the cells were cut 8 inches long in that direction and 2 by 
2 inches in cross section, as shown in figure 4. Those for the determi- 
nation of the properties In directions perpendicular to the directim of 
the length of the cells and parallel and perpendicular to the planes of 
the corrugated sheets were cut 6 inches long in the direction of the 
stress and 2 by 2 inches in cross section. 

The specimens were tested in a hydraulic testing machine at a con- 
stant rate of head travel. Deformationswere measuredbymeans of a 
Martens' mirror compressometer of 2-inch gage length. Load-deformation 
curves were plotted framwhich values of modulus of elasticity and stress 
at proporrtional Umit were obtained. Maximum loads were recorded, and 
the maximum stress was caputed. 

Tenslon Tests 
An apparatus (fig. 5) designed for testing lox4ensity materials in 

tension was employed. The speci=ns were cut from the honeycomb struc- 
tures and were 1 by 1 inch in cross section and l/2 inch long in the 
direction of the length of the cells. These specimens were glued to 
l-inch cubes, as shown in figure 5, and assembled in the apparatus. The 
load was applied through the universal joints illustrated in figure 5 by 
msans of a hydraulic testing xmxhine; thus an even distribution of the 
load over the cross sectian of the specimen was obtained. The nzulmum 
load was recorded. 

An exploratory series of specimens was made to determine a satis- 
factory technique for bonding the specimens to the aluminum blocks. The 
n&al primers and secondary glues given in table 2 were employed. The 
methods used and the results obtained are given in table 3. Figure 6 
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shows the types of failure obtained. The letters in this figure refer to 
the letters in the first column of table 3. The aluminum blocks were 
coatedtithametalprimer. After the metal primer had dried, the speci- 
mens were fixed to the primed blocks by msans of a secondary glue. It 
was found that either of the metal primers 0 and Q with secondary glue S 
produced satisfactory results if properly used. 

Shear Tests 

The apparatus employed in the shear tests was designed for testing 
lar-density materials. It is shown in figures 7 and 8. Test specimens 
were cut fram honeycomb structures and were 6 inches long, 2 inches wide, 
and l/2 inch thick in the direction of the length of the cells. Specimens 
of two kinds were obtained - those in which the planes of the corrugated 
paper were parallel to the length of the specimen and those in which these 
planes were perpendicular to the length. Side and end plates were glued 
to the specimeaas illustrated in the figures. Metal primer P and 
secondary glue S (table 2) were found to be suitable for this purpose. 

The assambled specimen was placed in a hydraulic testing machine, 
as illustrated in figure 8. The longitudinal movement of one of the side 
plates with respect to the other was measured by means of the dial shown. 
Readings of the dial were taken at regular increments of the load until 
the stress at proportional limit had been exceeded. Readings were then 
discontinued to avoid damage to the dial. The maximum load was recorded. 
Stress-deformation curves were plotted from the data obtained and values 
of modulus of rigidity and stress at proportional limit determined. 

AXALYSIS GF RESULTS 

It was assumed that all the important mechanical properties of 
honeyconib structures are roughly proportional to their compressive 
strengths in the direction of the length of the cells, and therefore 
tests to determine the effect of the use of various papers, resins, 
amounts of resin, and mtho&s of manufacture were limited to compression 
tests. These tests led to the choice of a good structure snd the other 
important mechanical properties of this structure were determined. Tests 
were made on samples of this best structure fabricated to five different 
specific gravities. 

Adjustment of Results of Compression Tests 

to a Common Specific Wavity 

For the comparison of the compressive strengths of honeycomb struc- 
tures made of vsrious materials, it is necessary to adjust the values 
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obtained from tests to a common specific gravity. It was found possible 
to estimate the change in compressive strength due to a change in the 
thickness of the cell walls, all other dimensions of the cells remaining 
constant. Thus if the compressive strength of a ~articulsr honeycomb 
structure is known, the strength of another structure identical to the 
first except for the thickness of the cell walls can be estimated. It 
can also be shown that the apparent specific gravities of two such struc- 
tures are practically proportional to the wall thicknesses of their cells, 
and +.hus a relation is obtained between the compressive strength and the 
apparent specific gravity. 

It has been shown that the specific compressive strength of a honey- 
comb structure is given by the equation (reference 1) 

J 

(1) 

where 
. 

pB 
specific strength (compressive strength divided by apparrent 

specific gravity) 

Of the material of which the honeycomb structures are made, 

pP 
proportional limit In compression 

E , modulus of elasticity 

Q specific gravity 

h thickness 

K,e. constants depending on shape and size of cells 

Thus for two structures which are identical except for the thickness of 
the cell walls 

Figure 2 is a sketch of an element of a honeycomb structure. The 
volume of this element is 

v = (c + h)bd (3) 



NACA TN No. 1529 

and its specifio weight is 

we = shdg 

Its apparent specific gravity is, therefore, 

7 

(4) 

&+& . (5) 

The ratio of the apparent specific gravities of two such structures 
which are identical except fez wall thickness is 

Now, if the wsll thickmsses sre small ccenpmed with the oell size (which 
is usually the oase) and the two thicknesses are not very different, 

$& hl 
ga2 = G (appr=.) (7) 

By combining equations (2) and (7), the following equation is obtained: 

PSl -= & 2/3 
Ps2 %,2 

0 

bwox. 1 (8) 

The fact that the ratio of the two apparent speoific gravities is raised 
to a power less than unity increases the accuracy of the approlcimstion. 

The ratio of the specific compressive strengths of two honeycon& 
structures that are identical except fcrr the thickness of their cell 
walls thus is found to vary apgu-oximately directly with the tw+thirds 
power of their appszent specific gravities. This relation was used to 
adjust values obtained f'ramtests to a common apparent specific gravity. 
It is estimated that its use in this report led to errors of only a few 
percent. 

Effect of Resin Content 

The resin content of the impregnated paper of which the honeycomb 
structures were made was limited by practical considerations. It was 
found that resin contents below 45 percent were not sufficient to pro- 
duce satisfactory bonds between the laminations and that if moFe than 
55 percent resin was used some of it flowed out of the structure while 
it was being cured. Three honeycomb structures (A*) were tested in 
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compression. ID their manufacture, chestnut chip paper (Ag) was employed 
.with resin F. Fach structure contained a different percentage of resin 
by weight - 45, 50, and 55 percent. The results of the tests are given 
in table 3. It msy be noted that the specific compressive strength cor- 
rected to a common specific gravity of 0.153 (fifth column of table 4) 
increased as the resin content increased. However, the increase in 
strength of the structure impregnated with 55 percent resin over that 
impregnated with 50 percent is small. It was assumed that these results 
would apply approximately to all the papers and resins employed in this 
report and a standard resin content of between 50 and 55 percent was 
adopted. 

Effect of find of Paper Employed 

Seven different honeycomb structures made of papers A to G and 
resin I were tested in compression. The results of these tests are given 
fn table 5. The specific compressive strengths adjusted to a specific 
gravity of 0.153 are given in the seventh column of table 5. It may be 
noted that the structure A91 made of the ChestDut chip paper is a little 
weaker than the others. The other papers, including the kraft with glass 
fibers, were all of substantially the same strength. 

Effect of Kind of Resin Employed 

Seven different honeycanib structures made of chestnut chip paper Ag 
and resins B, F, G, H, I, J, and M were tested in compression. The 
results of these tests are given in table 6. The specific cccmpressive 
strengths adjusted to a specific gravity of 0.153 are given in the sixth 
column of table 6. It is evident from these data that the compressive 
strength was definitely affected by the kind of resin employed in the 
manufacture of the structures. The best results were obtained with 
resin F. 

Effect of Partial Treatment of Paper 

with Resin Prior to Corrugation 

As noted in the appendix, scnne of the papers, particularly the 
thinner ones, did not corrugate well. They tended to flatten after 
corrugating. Such papers can be stiffened by a partial resin impregna- 
tion before corrugation. Two honeycomb structures were made in this 
way and tested in compression. Two lots of pa-r I& were impregnated 
with resin A, the first with ll and the second with 20.6 percent. The 
papers were then corrugated and made into honeycomb structures by mmns 
of a sufficient amount of resin J to make up a total resin content of 
55 percent. Far purposes of ccqarieon, a third lot of the suw paper 
was corrugated without previous imp;regnatlan with resin A end made into 
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a hcneyconib structure with resin J in the mount of 55 percent. The 
results of ccqzessive tests cn these three structures are given in 
table 7. The data indicate that the optimum amount of resin A is about 
11 percent. 

Dnpcrtant Meohanical Eroperties of 

Strongest Eoneyccnsib Structure Obtained 

c 

The strongest honeyc&b structures were obtained by the use of 
kraft papers treated with about ll percent of resin A before corrugation 
and with a sufficient quantity of resin F during the manufacture of the 
structure to obtain a total resin content of from 55 to 60 percent. Five 
different structures were made; two structures of Hw, the first 
having a specific gravity of 0.070 and the second 0.080, and one each 
of I&F, J6AF, and E6AF having specific gravities of 0.100, 0.106, and 
0.138, respectively. Compression tests were made on 10 specimens cut 

. 
from each of these structures, 4 in the direction of the cells, 4 parallel 
to the plane of the acrrugated paper and perpendicular to the direction 
of the cells, and 2 perpendicular to the plane of the ccrrugated paper. 
Tension tests were made on about 15 specimsns cut fram each of the 
structures, Shear tests were made on 8 specimens cti from these struc- 
tures, 4 such that the deformation is associated with the direction of 
the length of the cells and the direction perpendiculer to that direction 
and parallel to the corrugated sheets, and 4 such that the defmtion 
is associated with the direction of the length of the cells and the 
direction perpendicular to the corrugated sheets. 

The average results are given in table 8. They illustrate the 
values of mechanical woperties that well-made honeycomb structures of 
resin-impregnated paper may be expected to exhibit. An exhaustive study 
of all obtainable resins and variations of them wae not made end higher 
values of the mechanical properties may be attainable. The properties 
of honeyccnub structure I&X!? having a specific gravity of 0.100 are com- 
pared in table 9 with those of balsa wood, cellular,cellulose acetate, 
cellular hard rubber, and haneycomb glass cloth - all of approximately 
the same specific gravity. Of these materials balsa wood has properties 
of the highest values. The shear properties of the honeycomb paper 
structure compare favorably with those of the balsa wood and the honey- 
comb glass cloth. The values of the other properties of the honeycomb 
paper are below those of the balsa wood and the honeycomb glass cloth 
but above those of cellular cellulose acetate and cellular hard rubber. 

i coNcLusIoNs 

From an investigaticn to determine the order of magnitude of the 
important mechanical properties of honeycomb-like structures, the 
following concluding statements may be made. 
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The modulus of rigidity, shear stress at proportional limit, and 
shear strength aF resin-impregnated paper honeycomb structures compare 
favorably with those of balsa wood. The modulus of elasticity, campres- 
sive stress at proportional limit, compressive strength, &nd tensile 
strength of resin-impregnated paper honeycomb structures are lower than 
those of balsa wood but considerably higher than those of cellular 
cellulme acetate and cellular hard rubber. 

Forest Products Laboratory 
Madison, Wis., August 19, 1946 
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APPENDIX 

Various n&hods for fabriaating lou4ensity honeycaslb core mate- 
rials were investigated and resulted in the establishment of a standard 
procedure consisting of: (1) Psrtial impregnation of paper with water- 
soluble phenol resin, (2) ccu-rugation of the impregnated paper, 
(3) application of oontact-type resin to the corrugated paper, (4) assembly 
Into a honeyccmib-tne structure, and (5) ouring the assembled ccre. 

Care materials having a wide range of specific gravities and 
strengths were woduced by varying the resin content, thictiess of paper, 
(or both. Details of the established procedure are given in the following 
sections. 

Partial D.tpregnation with Phenol Resin 

Early experiments showed that tn-dinary lcraft paper would not 
retain the contour of the cca-rugations during subsequent resin treating 
and assenibly operations. It was found, however, that if the paper was 
impregnated with about 10 percent cf watez+soluble phenol resin before 
corrugating, the contours of the individual ccrrugated flutes were 
retained throughout the subsequent fabricating operations. This effect 
was especially noticeable when light-weight papers were used to prcduce 
core materials of very low density. It was also observed that this 
partial impregnation produced core materials having much higher compres- 
sive strengths than were obtained with untreated paper. The partial 
im-pregnation aP the pqers used in making honeycomb cores was accomplished 
on the Laboratory experimental impregnator (fig. 9). 

Corrugating of Resin4reated Paper 

The resin-treated paper was corrugated on a Forest Products 
Labcratmy carrmgating mhine (fig. 10) equipped with "B" flute rolls 
(the smaller of two sizes of flutes commonly used in corrugating paper 
for use in shipping containers). The temperature of the corrugating 
rolls was maintained at about 160° C. 

For convenience in handling, the corrugated paper was cut into 
sheets and ixmediately "nested" flat in order to minimize subsequent 
dimensional change. Stacks of the nested.paper were then placed in 
en oven at 1250 C for about 6 hours to cure the phenol resin. After 
this treatment, the contour of the corrugations was not seriously . 
affected by handling during subsequent fabrication operations. 
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Application of Contact+pe Resin 

I'WCA Th' No. 1529 

Apparatus was designed and built far applying a controlled aniiunt 
of contact resin to the corrugated paper (fig. 11). This apparatus con- 
Slated of a level plane surface on which a filp of resin was d:stributed 
uniformly by means of a doctor blade. Adjustment of the clearance 
between the suH%ce and the edge of the doctor blade was provided fm 
control of the thickness of the resin film, which in turn controlled the 
resin content of the fjnished core. The corrugated paper was placed on 
the resin film, thus transferring the resin to the nodes of the corrugated 
paper. A slight pressure was used to insure adequate contact of the 
paper with the resin. A specified time interval of from 5 to 10 seconds 
was given to permit sufficient penetration of the resin into the paper, 
The resin content was determined by weighing test sheets of the paper 
before and efter treating. Accuracy of resin content to within fl per- 
cent was obtajned by this method. 

Ar3sembl.y of Core Material. 

Y 

d 

The resin-treated corrugated paper was assembled into cores by 
placing layers of the paper' with the nodes of each ply, making contact 
with .the nodes of adjacent plies. 

Short sections of paper straws having an outside diameter of 
0.150 inch were placed at intervals along the sheets and served as keys 
to madntaln the alinement of the corrugations. The s,bility of the 
straws to defame sl3ghtly to acccmunodate the shape of the flutes and 
the advantage of using disposable keys made the paper straw more 
desirable Man metal rods used in earlier experiments. Core blocks 
approxjmately 4 feet long, 
produced by this procedure. 

1 foot wide, and 2$ inches thick were easily 

In order to control the uniformity of core thictiess and to insure 
adequate, contact between laminations, the assembled core was placed 
between parallel cauls separated by spacers at the corners. Uniform 
distribution throughout the paper of the contact-type resin was obtained 
during a diffusion period of 30 minutes at a temperature of 50° C 
before curing the resin. Equivalent results, however, were obtained at 
room temperature after longer periods of dlffueion. 

The fjnal cure of the contact resin was obtained by placing the 
assembled core in a forcedaIr oven. Provision was made in this oven 
to fcrce air at 125O C through the flutes in order to reduce the time 
required for cure. This was necesssry because of the poor heat trans- 
fer of this type of rrslterial. In general, a cure time of about 2 hours 
wae required for the honeycomb, cores. 

'The flnished honeycomb ccze material vas cut into the desired 
thickness for sandwich constructions by sawing strips either on a band 
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or circular saw. Best results were obtained by using a saw having 
4 or k$teeth per inch and operated at a speed of from 4,000 to 
5,000 feet per minute. 

REFERENCES 

1. Norris, Charles B.: An Analyeie of the Ccmpresslve Strength of 
Honeycmib Cores far Sandwich Constructians. HACA TN No. 1251, 
1947. 

2. Mmkwmdt, L. J., and Wilson, T. R. C.: Strength and Related 
Properties of Woods Crown in the United States. Tech. Bull. 
No. 479, U.S. Dept. Agriculture, Sept. 1935. 

3. March, H. W., Kuenzi, E. W., and Kommers, W. J.: Method of 
Measuring the Shearing Moduli in Wood. -0. No. 1301, Forest 
Products Lab., U.S. Dept. A&5culture, June 1942. 

13 



Design+ TypsQf Reem WQht !l!l&k- lbMil0 tatmqtb 
tion paper 25 a' %;11*~ 

noes DeMitJ aoross maohIm 
(-4 b-4 

A9 chestmrt obip 117.6 a.5 0.70 1950 

B4 Mmloheruoh 46.2 4.0 25 316 

c5 EMrt plus 

g!la!Ecr s-i.9 4.9 .a5 4310 

II4 68.4 4.1 -92 8500 

Ed Paft 95.8 5.7 .sQ 6goo 

pa ~9.8 7.9 .a3 61go . 

QO lmft 155.0 9.8 .8a 5@ 

a IrrJAft 34.a 2.8 .aS 

Ib graft 57.1 4.1 077 s!mJ 

J6 lmrt 60.3 5.9 057 . 3540 

v 



NACA !I'N No. 1529 15 

TABLE 2. -IUZYTORESINSUSEDIHHCNEYCCMBCORES 

Designatical 

A 

B 

C 

D 

E 

F 

G 

H 

I 

d 

K 

L 

M 

Description 

!PtwMng Resins 

Wate-oluble phenol resinoid 

Unsaturated polyester low-pressure laminating resin 

Alcohol-soluble phenol4mmldehyde resin 

Alcohol-soluble phenOl-fCQmald8hyde resin 

AlCOhOl-SOlUbl8 phenol-fcmmldehyde resin 

Additimtype copolymer l~essure laminating 
resin 

Unsaturated polyester louqressure laminating resin 

Unsaturated pOly8St8r 1ww8SSm8 la.minatiag resin 

Unsaturated polyester COpOlyraer low-pressure 
lemlnating resin, medium viscosity 

Unsaturated polyester copolymer lov-pressure 
laminating resin, high viscosity 

Beater-type phenol resin with low softening point 

Beater--type phenol resin with medium softening 
point 

Diallyl phthalate polymr 



16 NACA TN No. 1529 

TABLE 2. - KEY TO RESINS USED IN HONEYCOMB CORES - CONCLUlED 

Designation Description 

Metal mimers 

N Hot-setting modified thermoplastic resin 

0 Hot-setting thermoplastic resin modified with 
thermosetting resin and pigment 

P Hot-setting mirture of thermsetting (phenol) 
resin and synthetic rubber 

& Hot-setting, two+xmponent adhesive of liquid 
thermosetting resin and thermoplastic 
(polypinyl) powder 

Designation Secondary glues 

R Hot-setting phenol-formaldehyde resin 

S Acid catalyzed phenol-farmldehyde resin 

T Resoroinol resin, roon+temperature setting 

U Rooss-temperature-setting furane resin 
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TABLJ43. -TlzNsILpI- OFCORRUGATED HOAEYCOMBS!l'RUCl'UFd 

MAPBWITHD- GLUES AND GLUING CORD~IONS 

Honeycomb 
etructure 

CUriUg 
tempera- 

ture 

CWing TtJlfllle 
pressure strengtii 

I (9) I I (Psi) 

Cheetnut chip 
-----&)---e-- 
---ao--m--w 
----ao---- 

Icraft 
-"---ao----- 

Glass fiber 
and kraft * 

Chestnut chip 
----*o---- 
---er &y--q-- 
----(+----- 

Mitscherlich 
-----do----- 

Cbastrrut ch!p 
"----do---- 

-"--&y"--- 

--"-a&--- 

CC..-- do-" ---- 

----"*o---" 

0 
0 

0 

S 
S 

S 

U 
S 
U 
S 

Heavy 
---*o--- 
---&p-- 
---ao--- 

Mealum 
Heavy 

Medium 

Heavy 
--gp-- 
---&o-- 
-.-&p-- 

---do”-- 

---&)-- 

Mealum 140 to 150 --do--- 
Eeavy 140 to 150 ---ao-.... 
Meai em 140 to 150 -m-&p.. 
Heavy 140 to 150 --ao--- 

---ao--- 220 ---do--- 
---ao--- 220 ---ao--- 

Metium 
---ao--- 

60 
145 
107 
2e9 

Secindarg glue - 
s8oona8ry glue 

and core 

160 
160 
160 ---ao--- 
160 ..--ao--- 

120 to 150 340 
120 to 150 398 

I20 to 150 --ao--- 386 

160 410 
160 525 
160 161 

6'3 

fl::;: 1 2:-..- 1 % 1 Carem. 

Seoondary glue 

357 

~ 

39,O 

$2 
460 
513 

Secondary glue 
swe 
Prhary glue 
Core and glue 
Core 

Do- 

lAl1 core specimens were 1 by 1 inch In crow eection and l/2 inch low ti the d*ectia of the cells , except speclmene R and S which 
were 1 inch long. 



Apprcai- Apparent 
mate specific 

Ccmpressive propertIes 

r&n2 -VW ultinm.te 
of care3 

ultinL%te Ultimate StMtSS Stress at Moaulus of Hoaulufi of 
content a-w strength strength at proprtlonal elasticity elaetlcity 

divided by ~ol~e~t6a FOP limit dfvidea by 
apparent to t1cRlal aividsd by apparent 
specific SpeCifiO limit apparent specific 
gravity pavity speoific @wity 

of 0.153 gravity 
(perced 1 (pel) (PSI) (P4 (psi) (psi) (PSI) 

45 0.146 1,082 7,367 7,620 4~ 2,001 99,- W3,500 

50 0157 1,438 9,100 8,940 560 3,546 =%050 773,300 

55 .173 1,752 lo,140 9,340 530 3,190 ub!m 671,000 

‘Hid1 Chef5tnUt Chip pap- (Ag) ~3 USea. 

%9ain F (table 2). 

%beamWd&t aDbVdUDB (determinedby oveeell dintensIons) at no F and 63 percent relative 
humidity. 

4specimn size was appraximtely 2 by 2 by 8 Inches; load ~88 applied parallel to the dirsotion of 
the cell openings; dsfarmation wa8 measured uver a 2-Inch gage le&h. 



4 , , 

rn~afpapsr stmc- Fminl Appmexrt CcqawMim progsrties3 
ture OCdltent EpboiiiO 

graviti Ultimate mtimts mtiaat.3 bkdulue of ModnlIla of 
of cam2 strength stmngth strm&h slaEt1city elaBtlClty 

divided by corrected divided by 
aPl==d to apparent 
EpeOiflC qmlfic 8peCifiC 
/parity m~ti P-w 

of 
0.153 

h-=w (P4 (psi) (Pal) (P4 (psi) 

Chestnut chip 
(9-m A91 52 O.l60 695 4,330 4,200 &go0 4w,ooo 

Mltscharlioh (341) B41 49 .W5 340 3,560 4,890 &ooO 649,oob 

clam fiber and 
kxaft mirturs 
(5ail) C5I 53 .l21 559 4,610 5,390 832~ @boo0 

=&--nSth 
kreJ?t (4-a) &I 45 .143 735 5,120 5,360 79,600 555,m 

=; fill) h Et31 48 ,151 799 5,160 5,200 89,l~ ggo,c=J 

Etgh-etrength 
kraft (8ail) F81 54 31 982 5,410 4&o 106,800 599,000 

High-strength 
‘krae (lkilfl) GlOI 49 a2 1,293 6,100 4,910 140,cm 660,oao 

lResin I (appendix). 

‘Based cm weight and volume (determlned by ovmwxll dimemione) at ‘@ B spd 65 pcmmt relative humidity. 

3Speclmnn size WB appraximta4 2 by 2 by 8 iwher; load ma applied in the direatim of the cmmqati’me; defmmtticdl0 
were measured over a ‘&Inch fags 1mgt.h. 



Resin Apparent 
of content epecific CompreeeiveQroperties3 

atruc- of gravity 
ture Ml-8 apoorcr2 ultimate ultim¶t.e ultilalte Strees at Stress at Modulus of Modulus of 

strer@h strength strength Fw=- FOP- elasticity elasticity 
divided by oorrected ticmeal ticma aiviaea by 
apparent to limit8 lilnltl apparent 
sp3clfic specific divided by qlecific 
grad ty gravity apparent gravity 

0.153 apecmc 
eraetr 

(percent) (P4 (psi) (psi) (psi) (psi) (Psi 1 W 53.5 0.173 1,752 10,140 9,320 550 3,190 l15I900 67~~0 

AS 48.5 .146 1,158 7,glo 8,170 440 2.730 102,ooo 697,~ 

WJ 49.0 .152 1,w 6,goo &WI 295 1,940 f%goo 559,000 

A9G 47.5 .151 1,081 7,150 7,210 345 2,2&J 8~3~ 549,ooo 

AW 53.0 .172 921 5,360 4,960 243 1,410 79,100 461,000 

A91 51.5 .160 695 4,330 4,200 258 1,610 @bm 429,000 

A9H 50.0 l 157 703 4,470 4,550 263 1,670 67,100 426,000 

1Nlne41 chemtnut chip paper (A9) was web. TV 

%asea cm might ana volume (determined by over-all dimension) at no P and 63 percent relative humidity. 

kpecimen size was approximately 2 by 2 by 8 inches; load was applied parallel to the airection.of cell 
openinga; deformations were measured over a LXnuh gage length; average values are fran five tests. 
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Amount Apparent 
of specific Ccdilpressive popetiles 

Phenol gravity 
reein of cm32 u1tiD!ate ultllu3te stress strea.9 at Modulus Mcdulus of 

used in etrength strength at prop- of elasticity 
divided WOpaF- tional 9lRS- divided by 

tmet- by t1ona1 limit 
mcntl 

ticity apparent 
apparent limit divided by speci f 1 c 
specfflc am-h P-m 
gravity specific 

gravity 
(percent) (psi) (PiI (Psi) (Psi I (psi) (psi) 

0 0.111 653 5,800 323 W33 Y’%~ 655rm 

11.0 .106 9% 8,221. 374 3,218 80,770 @4,8~ 

20.6 Al6 874 7,523 331 2,841 80,060 a9,m 

lEnough contact resin J (appandJ5x) uaa added after ccmugating to produce a honeycomb core material 
tith a tatal resin content of spprazimtelg 55 percent. 

*Eased on weight and vdum (determIned by owwall dimnsione) at 750 F and 65 psroent relatSve 
hmldity. 

%pecimen size was approximately 2 by 2 by 8 inches; load vm agplied parallel to the direction 
of the cell. opening; defarmtims were maeured over n 24nch gage length, 



22 NACA!I!NNo. 199 

ultine.tE 
strength 
.ivided bg 
apparent 
apeoifia 
gcatitr 

(PN 

Stress at 
~oportlonEl 

limit 
dividsd by 

apparent 
EpECFIlO 

6-W 
(Pa 

Mcdulus Modtiur of 
of elal3tieltJ 

alaatiait 
(0) 

divided by 
apparent 
EPEOif ic 

tU 

5" 

“:ii% 
.I00 
.106 
.138 

2,570 
2,425 

?E 
3:355 

!Ei 
J&W 
E6AF 

p&g 
725b 
673,000 
7%~ 

CC!fUpOEtBioa, - psrallel to 
length of oslle (L) 

CcalpreefJical - psrpendio- 
uhr to length aP 
Oellsandparallsi 
toplaneofcanvgsted 
sheet (T) 

g:; 
87.0. 
74.5 

226.5 

:E 
A00 
.106 
~38 

31.4 

z:; 

7510 

E 
J6AB 
E6hF 

1.8.6 
23.7 
23.0 
19.8 
53.6 

101:1 $4 1,011 gz 
87.4 825 

357.0 2;585 

4.1 
3.8 

2; 
2l:4 

324 

2 

578 

4,630 
2,050 
?4& 

4:m 

cagreseioll-prpndie- E3AF 
ularto lengthof 
0elJ.e tuxl gerpa~ E 
dlou3mtoplaIlecze J6AF 
oomugatsd eheet (R) E6AF 

:Z 
.,lQO 
Jo6 
.w 

:kX 

:% 
.l@ 

----------- 
----------- 

Teaeicm - pmauel to 
length uf oells (L) 

.--mm--m-e ----e----- I ----------- 
----------- .--------- ----m--mm- I ----------- .--------m ---mw-m--m 

I 

:Z 
2% .l@ 

l81 
176 
268 
281 
321 

2,570 
z%z 
216~0 
2,320 

ShEEr deformatlmln 
plane paral.lelto 
lengthofaells and 
parallelto plme of SGAF 
corru&ed eheet (LT) E6AF 

13r 30 
Q 

225,m 
15, 70 198,ooO 
17,740 
18,250 

177,400 
172,m 

33,810 245mo 

Shear def-tiau In 
plene pKmllelt0 
lengthof cslleand 
perpendicular to plane 

.070 

.c& 

22 
.W. 

145 
143 
206 
=7 
P7 

1,460 
1,040 
1,220 
Logo 
1,270 

aReeln B of appendix. 

baaed 011 weight and volume (determined b;r over-&U dimsnelone) at 75O B and 65 peroent relative humldlty. 

%a? shear values, modulus of rigidity. 

dPerceti glue failure in test epeciimns. 
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Figure l.- Forest Products Laboratory experimental Fourdrinier 
paper machine. ---.&Kg7 
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Figure 2.- Sketch of an element of a 
honeycomb structure. xxA7 

--..<. :.-‘ 

b-e 2.- Sketch of an element of a 
honeycomb structure. xxA7 
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Figure 3.- Cell size and shape of honeycomb core material when the 
base paper is (A) treated (before corrugating) with 18 percent water- 
soluble phenol resin and (B) untreated. The pretreated material 
retains its corrugations while the untreated tends to flatten. 
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Figure 4.- Typical compression failures for honeycomb core .materials made with seven different 
contact resins. For key to designations, see table 6, 
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Figure 5.- Tensile-strength test apparatus for sandwich core material, shown disassembled. 
Core material, glued to loading blocks, is shown in center. 
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Figure 6.- Representative failures of honeycomb core material5 used-p ex!loratorY Sbdies 
for development of a satisfactory tensile-strength specimen, 

Identlflcakon of each 

specimen is g-iven in table 3. Specimens shown were made with corrugated materzals. 
w 
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Steel end 

\ I’@‘\Plane in which 

Sandwich core 

\I 
material 

tee1 face 
plates 

Figure 7.- Frame shear 
apparatus for testing of 
low -density core 
materials. Specimen 
is glued to steel side and 
end plates. 

v 

Figure 8.- A shear specimen of 
‘honeycomb core material under 
load, showing position of a dial 
gage to measure deformation. 
Pressure is being exerted 
downward. Many failures were 
at glue line between specimen 
and metal end and side plates 
of apparatus. -=ijzJ7 
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Figure 9.- Forest Products Laboratory experimental resin- 
impregnating equipment. -Tigzq 
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Figure ll.- pl&,e-@ass surface and adjustable doctor blade for applying COnfaCt resin to corrugated paper. *-i@$!F7 


